Purpose of review Zika virus' impact on pregnancy became widely known in 2015 with a dramatic increase in the number of babies born with microcephaly in Recife, Brazil. A mosquito-borne virus resulting in congenital anomalies is unique, and Zika's ability to cause neurological defects on a large scale was a grim reminder of the Rubella epidemic in the 1950s. Over the past 2 years, studies have provided insight on how Zika virus (ZIKV) infects cells and causes disease, but much remains unknown about the long-term risks of Zika exposure on infant growth and development.
INTRODUCTION
Zika virus' (ZIKV) impact on pregnancy emerged in 2015 with a dramatic increase in the number of babies born with microcephaly in Recife, Brazil (Fig. 1) . A virus resulting in congenital anomalies had not been seen to this degree since the Rubella epidemic in the 1950s. ZIKV is a singlestranded RNA arbovirus in the flavivirus family, the same family that includes yellow fever, dengue, and West Nile. ZIKV is carried and can be transmitted by the Aedes aegypti mosquito. Although other flaviviruses can infect transplacentally, none have had the impact of ZIKV maternal-fetal transmission. In addition, ZIKV can be transmitted sexually.
ZIKV was first identified in 1947 in Uganda's Zika forest, and the first human cases were detected in 1952. Although other outbreaks have occurred, most notably in the Yap islands in 2007 and French Polynesia in 2013, the link to fetal anomalies was not noted at the time. It was not until October 2015 that the association was recognized in North East Brazil with a dramatic rise in infants born with microcephaly. Soon after, in early February 2016, the World Health Organization declared ZIKV and its suspected link to birth defects an international public health emergency. Most ZIKV infections are mild; most of those infected (approximately 80%) are asymptomatic. Symptoms, if they occur, typically last up to a week and include a maculopapular rash, fever, arthralgias, and nonpurulent conjunctivitis. Viremia is short, and serological tests for antibodies cross-react with other flaviviruses, making it difficult to diagnose ZIKV infection in areas where dengue virus is endemic. Polymerase chain reaction (PCR) testing is used to diagnose acute infection. This is only possible during the short, usually 5-day viremic period, which may be missed if the person is asymptomatic. These challenges highlight the difficulty of timing the exposure during pregnancy [ ]. Infection can be severe even in nonpregnant people, causing Guillain-Barre syndrome (GBS), acute myelitis, meningoencephalitis, and acute disseminated encephalomyelitis [3] . Although other viral infections can result in GBS, ZIKV-associated GBS is reported to be more severe, with a longer duration to improvement and incomplete resolution of paralysis [4, 5] .
Modes of transmission and viral persistence
In addition to being vector-borne via the A. aegypti mosquito, transmission can occur from mother to child, via sexual transmission, and via blood donation/transfusion or organ transplant. An evaluation of the incidence of ZIKV in nonpregnant, reproductive age men and women found 90% more cases of ZIKV per 100 000 in women than men, suggesting that sexual transmission is a major route of transmission [6 & ]. A similar study of dengue did not find a difference in this same age range, and dengue is not known to be transmitted sexually. Sexual transmission of ZIKV can occur after both symptomatic and asymptomatic infection.
ZIKV persists longest in semen. The virus has been reported to persist for 6 weeks, with detection of the viral genome up to 180 days post symptom onset [7] . A recent study found median detection rates of 8 days in urine, 14 days in serum, and 34 days in semen. It also found that 95% of the participants cleared the virus by 54 days for serum, 39 days for
KEY POINTS
Zika virus infection in pregnancy is more than microcephaly. Numerous systems are affected, and the implications of exposure may not be evident at birth. Acquired microcephaly has been identified in children at 11-12 months who were born with a normal-sized head and no apparent anomalies. It is critical to follow all children, not just those with visible anomalies at birth.
Transmission can occur via a mosquito bite, blood transfusion, vertically from mother to child, or via sexual transmission.
There are no antivirals or vaccines available, so prevention messages, including recommendations on avoiding of mosquito bites and education on sexual ZIKV transmission, is currently the best strategy to combat the epidemic. 
Zika virus and pregnancy
Congenital Zika syndrome (CZS) involves a spectrum of infant outcomes identified at birth (Table 1) [9,10 & ]. The first reported studies focused only on symptomatic women and found 29% with fetal anomalies and 17% with microcephaly, cerebral atrophy, or intracranial calcifications. Importantly, they also reported that the risk was not limited to the first trimester; significant complications were observed with infection in the third trimester [11 && ]. A retrospective study focusing on the outbreak in French Polynesia suggested ZIKV in the first trimester resulted in a 1% rate of microcephaly, 50-fold higher than baseline [12 & ]. A more recent analysis of the United States Zika Pregnancy Registry from January to December 2016 reported a 15% incidence of CZS whenever exposure was in the first trimester [13] . Data from the same registry found an overall birth defect rate of 6%; if the infection was in the first trimester, it rose to 11%. Most of the defects were in the brain and included microcephaly [14 & ]. CZS is associated with a wide variety of anomalies -especially neurologic and fetal growth abnormalities (Table 1) [10 & ]. These defects include central nervous system disruption, microcephaly, epileptic seizures, arthrogryposis, neuromotor delay that may include spasticity, exacerbated primitive reflexes, hyperexcitability, neurosensory deficits, and dysphagia. Early studies identified numerous ocular abnormalities in the children with microcephaly, including macular and perimacular lesions and optic nerve abnormalities [15] . These studies further reinforced the hypothesis that ZIKV was the cause, because perinatal viruses have previously been associated with these type of eye lesions. Neuroimaging studies highlighted the range of fetal brain abnormalities, which include a collapse of the skull cap with overlapping sutures and prominent occipital bones, cortical development abnormalities, calcifications, ventriculomegaly, abnormalities of the corpus callosum, and brain stem abnormalities. Although intracerebral calcifications are common in perinatal viral infections, the pattern with ZIKV infection is unique, involving the cortical-subcortical junction, an area noted for vascular alterations [16 & ]. There is variability in the impact from infection in pregnancy [17 & ], highlighting the need for well-designed studies of risk assessment.
Although viremia is noted to last only 3-5 days in symptomatic nonpregnant adults, studies of pregnant women and nonhuman primates have identified prolonged viremia in pregnancy. In one case report, viremia persisted for 10 weeks [18] .
An asymptomatic ZIKV infection can also impact pregnancy outcome, with similar anomalies [19] . Ongoing studies will evaluate the role of symptoms on the risk of infection in pregnancy. Although the long-term outcomes are not known, both motor and sensory abnormalities are anticipated [20
. It is likely that there will be a spectrum of outcomes including developmental delay, intellectual impairments, and mental and motor abnormalities. A concerning development has been the identification of acquired microcephaly in children exposed to ZIKV in utero and born with a normal head circumference and no apparent abnormalities. Follow-up studies of some children have diagnosed acquired microcephaly at 11-12 months [22
&&
].
Mechanism(s)
Mouse models demonstrate that the placenta is uniquely affected by ZIKV [23] . Replication of the Several large cohort studies are prospectively enrolling pregnant women in ZIKV-endemic regions to better characterize infection in pregnancy and the short-term and long-term outcomes of ZIKV exposure infants. The Zika in Infants and Pregnancy Study (ZIP) is a collaboration between the National Institutes of Health and the Brazilian funding agency Fundacao Oswald Cruz (Fiocruz). It aims to enroll up to 10 000 pregnant women and follow them and their infants to evaluate the impact of ZIKV on maternal and child outcomes. This study will include an evaluation of the timing of infection during pregnancy, whether symptoms impact the outcome, and the role of other environmental factors. This study is ongoing at 10 sites in six countries. The primary outcomes include congenital malformations and adverse fetal outcomes, including microcephaly, fetal demise, neonatal death, central nervous system malformations, hydrops, and ocular abnormalities. Numerous secondary outcomes are planned, including the rate of seroconversion, the impact of maternal symptoms on outcome, the impact of co-infections on outcome and disease severity, long-term clinical sequelae, persistence and shedding of ZIKV in tissue components, viral shedding in breast milk, and the incidence of acquisition of infection in infants after birth. Given that most ZIKV-infected women are asymptomatic, all infants in the study will be followed to record their outcomes. Thus, there will be three groups from the pregnancy cohort: those with symptomatic ZIKV infection, those with asymptomatic ZIKV infection, and those without ZIKV infections. During pregnancy, there will be a monthly exam, including physical exams and collection of biological samples; for each trimester there is an ultrasound exam and an environmental questionnaire. At delivery, there is an infant examination and a collection of biologic samples, including maternal blood, cord blood, and placental samples. At 6 weeks postpartum there are maternal and infant examinations and a collection of biologic samples, including urine, blood, saliva, maternal vaginal samples, and breast milk samples. After birth, examinations are performed on the infants at 3, 6, and 12 months, including physical and hearing assessments, ocular evaluation, and biologic sample collection. Imaging studies may also be performed [34] . Another ongoing study will evaluate the impact of co-infection with ZIKV and HIV. This study includes sites in the United States and Brazil [35] . Two additional large pregnancy cohort studies are ongoing: ZEN Colombia study (Zika in Pregnant Women and Children), in partnership with the Centers for Disease Control and Prevention (CDC) and INS (Instituto Nacional de Salud of Colombia), and European Zika Cohort Studies Action/Alliance/ Plan, multinational studies in Latin America and Asia.
The long-term impact of ZIKV on child outcomes is unclear [21 && ]. It is essential to monitor all children, given the identification of acquired microcephaly in infants who appeared unaffected at birth. Furthermore, it is likely that the spectrum of outcomes will be broad, and many may not manifest until school age.
Management in pregnancy
The first step in management during pregnancy includes education on the importance of prevention. CDC operates several campaigns and efforts to educate the public on avoiding active areas of ZIKV transmission, including real-time updates on areas of concern (https://www.cdc.gov/zika/pregnancy/ index.html and www.cdc.gov; accessed 5 December 2017). For those traveling to these areas, precautions to avoid mosquito bites include using insect repellent, wearing long sleeves, and using screens and mosquito netting. Those returning from these areas should continue these precautions for 2 weeks. In addition, given the impact of sexual transmission, CDC has recommended avoidance of unprotected intercourse for 8 weeks after traveling for a woman and 6 months after traveling for a man, given the longer duration of virus in semen.
Several limitations are noted with ZIKV testing. Given that ZIKV RNA is only present for a limited time in body fluids, a negative result using nucleic acid testing does not rule out infection. Assessment of immunoglobulins requires careful timing, as a negative IgM may be because of assessment prior to mounting the IgM response or after the response has concluded. Recent work has found in some patients that the IgM response may persist in pregnant women, making it less useful in the timing of acute infection. Furthermore, the IgM cross-reacts with other flaviviruses, limiting its utility in areas where dengue virus is endemic. Finally, IgM assays have noted both false-positive and false-negative results and they are currently being optimized by CDC. Because of these concerns, a recent revision of CDC guidelines includes offering RNA nucleic acid test (NAT) to asymptomatic pregnant women with ongoing possible ZIKV exposure. In addition, the IgM assay is no longer routinely recommended [36] . Given the active work in this area, practitioners should monitor CDC recommendations for updated guidance (https://www.cdc. gov/zika/pregnancy/index.html and www.cdc.gov; accessed 5 December 2017).
For a pregnant woman with a positive ZIKV NAT test, careful anatomic survey and evaluation is recommended by ultrasound. Importantly, studies have demonstrated that there may be a significant lag between the timing of the infection and evidence of impact using ultrasound imaging [37] . Furthermore, the sensitivity and specificity of ultrasound in the detection of CZS is not known. Nomograms for fetal head circumference have been developed. Pathologic microcephaly has been defined as a head circumference greater than or equal to 3 SDs below the mean [38] . Serial ultrasound examinations may be beneficial for evaluating the development of abnormalities and for monitoring fetal growth [39] .
Unexpected findings and lessons learned
Many aspects of the Zika story have been unexpected, perhaps most notably the ability for a mosquitoborne, sexually transmittable virus to cause birth defects. ZIKV's significant impact on all three trimesters of pregnancy is also unusual, as is the possibility of delayed impact in cases of acquired microcephaly diagnosed after birth. Although it is well appreciated that pregnancy offers a unique immune state, the prolonged viremia in pregnancy was not anticipated and may provide insights on the impact of the infection in pregnancy and the role of the placenta. The ability for 'immune-protected' sites, including semen, brain, and lymphatic and optic tissues, to be reservoirs for prolonged periods has added to the complexity of counseling families. The affinity of ZIKV for neural tissue is unique and may provide insights for conditions that affect this system. Were it possible to remove the toxic aspects of the virus and replace them with a novel therapy, this might be an ideal vector for conditions that affect the nervous system. Difficulties in accurately diagnosing ZIKV infection have highlighted the critical need for rapid and advanced testing whenever facing a public health emergency, as counseling without definitive testing is exceedingly difficult.
CONCLUSION
ZIKV in pregnancy has highlighted the critical limitations faced by pregnant women and families during a public health emergency. Although it is not uncommon to have limited therapies in pregnancy, the lack of diagnostics and other information hinders the ability to counsel families. Furthermore, even with rapid mobilization for vaccine development, pregnant women are not included in the target population to benefit from these vaccines [40 && ]. It is critical that when preparing for future public health emergencies, we embrace the potential impact on pregnant women, children, and their families and include them in research, development, and planning processes. This article reports congenital Zika syndrome and highlights the importance to follow up children exposed to Zika, even those who appear normal at birth. 11.
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